Abstract. The aim of the present study was to evaluate the expression level of microRNA-182 (miRNA-182) in human osteosarcoma (OS) MG-63 cells and OS tissues, and to elucidate the effect of miRNA-182 on the biological activity of tumors. In the present study, the expression of miRNA-182 in human OS MG-63 cells, OS tissues and normal osteoblast hFOB1.19 cells was determined using quantitative polymerase chain reaction. Subsequently, a miRNA-182 mimic and inhibitor were utilized to regulate the expression level of this miRNA in MG-63 cells. Cell viability and proliferation were examined using cell counting kit-8 assays, and cell apoptosis was detected by flow cytometry. Cell invasion and migration assays were performed using Transwell chambers to analyze the biological functions of miRNA-182 in vitro. The present study demonstrated that the expression level of miRNA-182 in MG-63 cells and OS tissues was significantly increased compared with the hFOB1.19 cell line (P<0.05). The present study successfully performed cell transfections of miRNA-182 inhibitor and miRNA-182 mimic into MG-63 cells and achieved the desired transfection efficiency. The present study confirmed that upregulation of miRNA-182 promotes cell apoptosis and inhibits cell viability, proliferation, invasion and migration. The present findings additionally demonstrated that miRNA-182 is a tumor suppressor gene in OS. Therefore, regulating the expression of miRNA-182 may affect the biological behavior of OS cells, which suggests a potential role for miRNA-182 in molecular therapy for malignant tumors.
Introduction
Cancer, including osteosarcoma (OS), is becoming an increasingly common disease and is characterized by uncontrolled growth (1) . OS is the most commonly observed primary malignant bone tumor with a high morbidity in adolescents and young adults, and it primarily originates from mesenchymal tissue (2) . OS is additionally the third most common cancer in childhood (3) . Annually, ~5.6 out of 1 million children <15 years old suffer from OS (4) . With comprehensive treatment, the 5-year survival rate has increased to 60-70% (5); however, although the therapeutic management has been improved, metastasis eventually occurs in ~80% of patients, and the lung is typically the most susceptible organ (6) . The prognosis and curative effects of OS are closely associated with metastasis, and the majority of clinicians agree that early diagnosis is key to successful treatment (7) .
MicroRNAs (miRNAs) belong to a family of small non-coding RNAs that have been identified in plants and animals, which are typically 19-24 nucleotides in length and function in transcriptional and post-transcriptional processes (8) (9) (10) . The human genome may encode >1,000 miRNAs (11) , which exist in a large number of human cells. miRNAs are generated from their own genes or introns, and are synthesized in the nucleus and cytosol. Generally, the formation of mature miRNAs is a complex process that requires the aid of a variety of biological molecules, including RNA polymerase II/III, Drosha, Pasha, exportin-5 and Dicer (12) (13) (14) (15) (16) . However, only the end products of this process have biological activity and execute biological functions (17) . It has been demonstrated that miRNAs regulate the expression of their target messenger (m)RNAs primarily by binding the mRNA 3' untranslated region (18) (19) (20) . Furthermore, a miRNA may target multiple mRNA targets, and a target mRNA may be targeted by various miRNAs, which suggests that these regulatory RNAs exert complex, post-transcriptional control of gene expression (21, 22) . miRNAs have enormous potential to regulate various crucial biological processes, including the differentiation, progression, proliferation, apoptosis, metastasis and invasion of tumor cells (23) (24) (25) (26) .
With improvements in medicine, increased knowledge and technology advancement, the association between miRNAs and cancer is being gradually revealed (27) . As miRNAs are known to be implicated in the functioning of eukaryotic cells, consequently the dysregulation of miRNAs has been associated with various diseases (28) . The first miRNAs identified to be involved in disease were miRNA-15 and miRNA-16, which were observed to be closely associated with chronic lymphocytic leukemia by Calin et al (29) in 2002. As an important member of the miRNA family, miRNA-182 is vital in tumor development. Studies have revealed that miRNA-182 functions as an oncogene or cancer suppressor gene in various tumors, including triple-negative breast cancer (30) , gastric adenocarcinoma (31) and colon cancer (32) ; however, it remains to be elucidated whether miRNA-182 has similar functions in OS. Therefore, examining the expression level of miRNA-182 in normal osteoblast hFOB1.19 cells, as well as human OS MG-63 cells and OS tissues, was the primary aim of the present study. In addition, the present study was interested in controlling the expression level of miRNA-182 in MG-63 cells and subsequently investigating the biological activity of those cells.
Materials and methods
Cell lines and tissue specimens. The control cell line hFOB1.19 and 9 clinical specimens were obtained from the Department of Orthopedics of the First Hospital of China Medical University (Shenyang, China). hFOB1.19 is an established cell line that has been described in the literature (33) . The 9 participants in the present study ranged in age between 11 months and 16 years. During surgery, a 2x2-cm section of each tumor was removed following excision of the tumor by the surgeon, and each specimen was subsequently transported on ice and preserved in liquid nitrogen until required. The human OS MG-63 cell line was purchased from the Culture Preservation Commission Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere of 5% CO 2 . In total, 9 patients were enrolled in the present study, and none of the patients had a history of chemotherapy, radiotherapy or other treatment prior to surgery. Furthermore, none of the patients had metastasis, as confirmed with ultrasound, computed tomography (CT), magnetic resonance imaging, and positron emission tomography-CT. All specimens were used only for miRNA extraction. Written informed consent was obtained from the parents or guardians of the patients prior to surgery. The present study was approved by the First Affiliated Hospital of China Medical University Medical Research Ethics Committee (Shenyang, China). miRNA extraction. miRNA was isolated using RNAiso Plus (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturer's protocol. Briefly, 1x10 4 -10 6 cultured cells and 50-200 mg of tissue were collected and washed twice in phosphate-buffered saline (PBS; ZSGB-Bio Co., Ltd., Beijing, China) at 4˚C, and subsequently 1 ml of RNAiso was added per 50-200 mg or 1x10 4 -10 6 cells. Following 5 min of incubation, 200 µl chloroform (Tianjin Bodi Chemical Co., Ltd., Tianjin, China) was added, and the cells were agitated for 15 sec. Following an additional 5 min of incubation at room temperature, the mixture was centrifuged [Allegra X-30R; Beckman Coulter Commercial Enterprise (China) Co., Ltd., Shanghai, China] for 15 min at 12,000 x g at 4˚C. In total, ~400 µl of the aqueous phase was recovered and transferred to a fresh tube, to which 400 µl isopropyl alcohol (Tianjin Bodi Chemical Co., Ltd.) was added, and the mixture was incubated for 10 min. Subsequently, the mixture was centrifuged [Allegra X-30R; Beckman Coulter Commercial Enterprise (China) Co., Ltd.] for 10 min at 12,000 x g at 4˚C. Following centrifugation, 1 ml 100% ethanol (Tianjin Bodi Chemical Co., Ltd.) was added to wash the precipitate three times. Finally, the precipitate was dried at room temperature and dissolved in 20 µl RNAse-free dH 2 O (Takara Biotechnology Co., Ltd.). Immediately, the concentrations of the isolated miRNA samples were determined using a microplate reader (Multiskan™ GO; Thermo Fisher Scientific, Inc.).
Reverse transcription (RT).
The extracted miRNAs underwent RT to complementary (c)DNA using the PrimeScript RT Reagent kit (Takara Biotechnology Co., Ltd.) according to the manufacturer's protocol with minor modifications in the cycling conditions. The RT reaction volume was 10 µl, and the mixture contained 2 µl 5X PrimeScript Buffer, 0.5 µl PrimeScript RT Enzyme Mix I, 500 ng extracted RNA and 0.5 µl specific miRNA primer (2 µM). The primers were obtained from GenScript Co., Ltd (Nanjing, China) and the sequences were as follows: miR-182-RT, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTG CAC TGG ATA CGA CAG TGT GA-3'; U6-RT, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA AAA TAT GGA AC-3'. U6 served as the internal reference gene. Finally, 10 µl RNase-free dH 2 O was added to the mixture. The reaction conditions for reverse transcription were as follows: 42˚C for 15 min, 85˚C for 5 sec and 4˚C for 60 min. The PCR apparatus (Dice ® Gradient TP600) was purchased from Takara Biotechnology Co., Ltd. The cDNA was stored at -20˚C until required.
Identification of miRNA-182 expression in MG-63 cells and tissue specimens by quantitative PCR (qPCR).
The expression of mature miRNA-182 was detected using the SYBR ® Premix Ex Taq TM II kit (Takara Biotechnology Co., Ltd.), with U6 as the internal reference gene. The reaction volume was 20 µl, and the mixture contained 10 µl SYBR ® Premix Ex Taq, 2 µl cDNA, 0.4 µl (10 µM) miRNA-182 forward primer and miRNA-182 reverse primer or 0.4 µl (10 µM) U6 forward primer and U6 reverse primer, and 7.2 µl dH 2 O. The primers were as follows: miRNA-182, forward 5'-TGC GGT TTG GCA ATG GTA GAAC-3' and reverse, 5'-CCA GTG CAG GGT CCG AGGT-3'; U6, forward 5'-GCT TCG GCA GCA CAT ATA CTA AAAT-3' and reverse 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'. The PCR amplification conditions were as follows: 95˚C for 30 sec and 40 cycles of 95˚C for 5 sec, 60˚C for 20 sec, 95˚C for 5 sec and 65˚C for 15 sec. Three replicates were performed for each reaction. The qPCR instrument (LightCycler ® 480 II) was purchased from Roche Diagnostics, GmbH (Mannheim, Germany). The cycle threshold (Cq) value of the specimens in each reaction tube was recorded, and the experimental data were analyzed using the qPCR relative quantification method (34) 5 cells/ml in 2 ml per well of DMEM containing 10% FBS. In total, 4-6 h prior to transfection, the cells were incubated in DMEM containing 10% FBS at 37˚C in a humidified atmosphere of 5% CO 2 . Subsequent to the cells adhering to the wells for 6-8 h, the culture medium was aspirated from each well. Following aspiration, transfection complexes were formed by mixing 250 µl culture medium without FBS, 10 µl HiPerFect ® Transfection Reagent (Qiagen, Inc., Valencia, CA, USA) and 10 µl miRNA-182-5p inhibitor (100 nM; catalog no., miR20000259-1-5; Guangzhou RiboBio Co., Ltd., Guangzhou, China) or 8 µl miRNA-182-5p mimic (80 nM; catalog no., miR10000259-1-5; Guangzhou RiboBio Co., Ltd.). The mixtures were incubated for 5-10 min at room temperature. Subsequently, the mixtures were added dropwise to the cells, and the plates were gently swirled to ensure uniform distribution of the transfection complexes. Non-transfected (MG-63 cells without transfection), negative (catalog no., miR02101-1-5; Guangzhou RiboBio Co., Ltd.) and fluorescence (catalog no., siN05815122149-1-5; Guangzhou RiboBio Co., Ltd.) controls were performed at the same time. Three duplicate wells were set up for each reaction. The cells were placed in an incubator at 37˚C with 5% CO 2 for 24 h. RNAiso for Small RNA (Takara Biotechnology Co., Ltd.) was utilized to extract the RNA from each group of cells, and RT-qPCR was performed to detect the expression level of miRNA-182 in each group of MG-63 cells.
Cell viability and proliferation determined by cell counting kit-8 (CCK-8) assays.
MG-63 cells that had undergone transfection were used in this assay. A total of 24 h subsequent to transfection, cells were treated with trypsin (Biosharp, Hefei, China) and counted using a cell counting plate. Subsequently, the cells were plated in 96-well plates (BD Biosciences) at a concentration of 5x10 4 cells/ml in 100 µl per well of DMEM with 10% FBS, and the plates were incubated at 37˚C with 5% CO 2 . The culture medium was replaced every 48 h. Subsequent to 24, 48, 72 and 96 h, 10 µl CCK-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was added to each well, and the plates were incubated for 4 h at 37˚C with 5% CO 2 . Subsequently, the optical density (OD) values at 450 nm were measured with a microplate reader (Multiskan™ GO), and a standard curve was constructed using 2-fold serial dilutions, thereby forming a cell concentration gradient. Each experimental group contained five duplicated wells, and the experiment was repeated three times.
Cell apoptosis determined using flow cytometry. Transfection of the miRNA-182 inhibitor, mimic and negative control was performed using HiPerFect Transfection Reagent according to the manufacturer's protocol. A total of 24 h subsequent to transfection, the culture medium was aspirated and the transfected cells were washed twice with PBS, treated with trypsin and centrifuged at 878 x g for 5 min (TDZ5-WS; Shanghai Xiangyi Centrifuge Instrument Co., Ltd., Shanghai, China). Subsequently, the precipitates were washed 2-3 times with PBS and centrifuged at 878 x g for 5 min. A total of 200 µl binding buffer (NeoBioscience, Shenzhen, China) was added to each tube of cells, and the mixtures were transferred into 1.5 ml Eppendorf tubes (Eppendorf, Hamburg, Germany).
Subsequently, 5 µl Annexin V-fluorescein isothiocyanate (FITC; NeoBioscience) was immediately added to each tube, and the tubes were incubated at room temperature for 5 min. Next, 10 µl propidium iodide (PI; NeoBioscience) was added to each tube, and the tubes were incubated at room temperature for 10 min. Finally, 300 µl binding buffer was added to the tubes and the cells were analyzed using flow cytometry (BD FACSCalibur™; BD Biosciences). The BD FACSCalibur was equipped with a dual laser (488 and 635 nm) and CellQuest version 3.0 software (BD Biosciences). The analysis speed was 1x10 4 cells/sec.
Cell invasion and migration analyzed using Transwell invasion chambers. Transfection of the miRNA-182 inhibitor, mimic and negative control was performed using HiPerFect Transfection Reagent according to the manufacturer's protocol. A total of 24 h subsequent to transfection, 100 µl diluted Matrigel (BD Biosciences; 1:2 dilution, Matrigel:DMEM) was added to a 8.0 µm pore size Transwell chamber (12/24 well chamber; Corning Incorporated, Corning, NY, USA) and incubated for 4-5 h at 37˚C with 5% CO 2 . Following solidification of the Matrigel, the cells were dissociated with trypsin and resuspended in 1 ml DMEM containing 8% FBS. In total, 600 µl DMEM containing 15% FBS was added to the lower chamber, and 200 µl (4-6x10 5 cells/ml) of the cell suspension was seeded in the upper chamber of the Transwell apparatus. The experimental procedures for the migration assays were the same for invasion assays, except that Matrigel was not used. Cell invasion was observed 24 h later, and migration was observed 5 h later. Specifically, the cells were stained with hematoxylin (Wanlei Biotechnology Co., Ltd., Shenyang, China), and the number of cells considered to be invasive, or those that migrated through the polycarbonate membrane of the Transwell chamber, were counted under a microscope (Eclipse 80i; Nikon Corporation, Tokyo, Japan; magnification, x200). Ten fields were randomly observed.
Statistical analyses. GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA) was used to statistically analyze the experimental data. Student's t test was applied to compare two groups, and analysis of variance was applied to compare two or more sets of data followed by Student's t test for post hoc analysis. Data is presented as the mean ± standard deviation. P<0.05 indicated a statistically significant difference.
Results

Relative expression level of miRNA-182 in MG-63 cells and tissue specimens.
Using RT-qPCR, the present study demonstrated that the expression level of miRNA-182 in MG-63 cells (0.73±0.09) and OS tissues (0.72±0.09) was significantly reduced compared with the control hFOB1.19 cell line (1.00±0.00) (Fig. 1) . The OS tissue comprised 9 patient specimens, and the basic patient characteristics are presented in Table I . All specimens had a low expression of miRNA-182 in comparison to the hFOB1.9 control cells. Finally, the statistical mean of the expression level of miRNA-182 in the 9 patients was calculated (0.72±0.09).
Relative expression level of miRNA-182 in MG-63 cells following transfection.
A miRNA-182 inhibitor, mimic and negative control were transfected into MG-63 cells. The fluorescence control group confirmed that the transfection was efficient (Fig. 2) . Using RT-qPCR, the present study identified that the expression levels of miRNA-182 in the miRNA-182 inhibitor transfection group (0.63±0.12) were significantly decreased compared with the expression levels in the non-transfected control MG-63 cells (1.87±0.08) and negative control groups (1.89±0.11). Furthermore, the expression level of miRNA-182 in the group transfected with miRNA-182 mimic (2.81±0.15) was significantly increased compared with the control groups (Fig. 3) .
Effects of miR-182 on cell viability and proliferation.
Using a CCK-8 assay, it was demonstrated that the cell viability of cells transfected with the miRNA-182 inhibitor was increased compared with the non-transfected control and negative control transfected cell groups. In addition, the viability of the group transfected with miRNA-182 mimic was decreased compared with the control groups, suggesting that upregulation of miRNA-182 expression reduces MG-63 cell viability (Fig. 4) . A cell proliferation curve was plotted according to the standard curve, which was obtained from OD values (Fig. 5) . The results were similar to the results observed for cell viability and were statistically significant; cell proliferation was increased in cells transfected with the miRNA-182 inhibitor and decreased in cells transfected with the miRNA-182 mimic compared with the control groups.
Effects of miRNA-182 on cell apoptosis. A total of 24 h subsequent to transfection, Annexin V-FITC and PI were used for cell staining. The single-FITC stained cells were analyzed statistically as the ratio of early apoptotic cells. When cells were transfected with the miRNA-182 inhibitor, mimic or negative control, the percentage of apoptotic cells was 2.33±0.27, 14.76±0.72 and 5.62±0.84%, respectively. Flow cytometric analysis indicated that the percentage of apoptotic cells was significantly increased in the group transfected with the miRNA-182 mimic and reduced in the group transfected with the miRNA-182 inhibitor compared with the negative control group (Fig. 6) . These results suggest that upregulation of miRNA-182 expression promotes apoptosis of MG-63 cells.
Effects of miRNA-182 on cell invasion and migration.
Following solidification, the number of cells passing through the Matrigel was counted following an incubation period of 24 h for invasive cells and 5 h for migrating cells. The numbers of cells in the inhibitor, mimic and negative control groups were 129±11, 36±7 and 72±10, respectively, per visual field following 24 h of incubation. The number of MG-63 cells in the inhibitor group that passed through the Transwell chamber was significantly increased (Fig. 7) , which suggests that transfection of the miRNA-182 inhibitor promoted cell invasiveness. Following incubation in Transwell chambers for 5 h, the number of cells passing through the Matrigel was counted. The number of migrating cells in the inhibitor, mimic and negative groups were 165±9, 55±8 and 91±7, respectively, per visual field. The number of MG-63 cells in the inhibitor group that passed through the Transwell chamber was significantly increased (Fig. 8) , revealing that inhibition of miRNA-182 expression promoted cell migration.
Discussion
One of the significant challenges in cancer research is the identification of novel molecular biomarkers (35) . miRNAs regulate complex networks of gene expression, and an altered expression of miRNA genes has been associated with the development of multiple types of human cancer, including OS (36, 37) . However, the role of miRNAs in cancer biology is not well understood. Previously, it has been observed that there is a complex association between miRNA-182 and neoplasms; upregulation of miRNA-182 has been associated with cervical cancer (38) , while its significant downregulation has been reported in human uveal melanoma (39) . The results of the present study revealed that miRNA-182 expression levels were decreased in OS MG-6 cells and OS tissues compared with normal osteoblast hFOB1.19 cells and are similar to the results of previous reports, which describe the association of lower levels of miRNA-182 with colon cancer and uveal melanoma (32, 39) . In the present study, miRNA-182 is referred to as a tumor suppressor miRNA, as its functions are similar to those of tumor suppressor genes. As a tumor suppressor, miRNA-182 is important in the biological behavior of OS.
The present study revealed that an upregulation of miRNA-182 promotes cell apoptosis and inhibits cell viability, proliferation, invasion and migration. To the best of our knowledge, >20 articles concerning miRNA-182 have been published in various journals. The majority of these studies have demonstrated that miRNA-182 is an oncogene, and a small number of studies have confirmed that miRNA-182 is a tumor suppressor gene. Ning et al (40) confirmed that the expression level of miRNA-182 in human lung cancer A549 cells was significantly increased compared with the expression level in the human bronchial epithelial NHBE cell line. Furthermore, it was identified that an increase in programmed cell death 4 (PDCD4) protein levels occurred following transfection of a miRNA-182 inhibitor (43) reported that miRNA-182 expression was significantly upregulated in prostate cancer tissues and four prostate cancer cell lines compared with benign prostatic hyperplasia tissues and normal prostatic epithelial RWPE-1 cells. A novel mechanism by which n-myc downstream regulated 1 is epigenetically regulated was revealed (43) . Notably, the results of Cekaite et al (32) contradicted those of Yang et al (41) , and demonstrated that deregulation of miRNA-182 promoted colon cancer cell proliferation. In these previous studies, the majority of the tumors used originated from epithelial tissue. By contrast, in the current study, OS was the source of the mesenchymal tumors. The same miRNA may be expressed at various levels in tumors with various tissue origins (44) (45) (46) . The majority of experimental studies focus on RNA levels and a small percentage investigate the regulation of proteins by miRNA. As regulation by miRNAs is extremely extensive, these RNAs may regulate numerous proteins in a variety of ways (32, 41) , which resolves the former contradiction that certain studies have demonstrated that miRNA-182 is an onco-gene, and a small number of studies have confirmed that miRNA-182 is a tumor suppressor gene. miRNA-182 regulates various proteins that in turn regulate the biological behavior of tumor cells.
The results of the present study indicate that miRNA-182 is a potential tumor suppressor gene for OS, and that upregulation of miRNA-182 expression inhibits cell viability, proliferation, invasion and migration. Furthermore, miRNAs have been proposed to be used in treatment strategies that may potentially achieve improved clinical outcomes in patients with cancer. In future research, the regulatory pathways and target proteins of miRNA-182 may be determined, and studies may be performed in vivo in animal models.
